A Gram-stain-negative, rod-pleomorphic, aerobic, halophilic archaeon, strain MK62-1 T , was isolated from commercial salt made from seawater in the Philippines. Strain MK62-1 T was able to grow at 2.1-4.7 M NaCl (with optimum at 2.1-2.6 M NaCl), pH 6.5-9.5 (optimum, pH 7.0-7.5) and 20-55 C (optimum, 45-50 C). Based on the orthologous 16S rRNA gene sequence, the closest relative was Haloparvum sedimenti JCM 30891 T with 99.2 % similarity. The RNA polymerase subunit B¢ gene sequence also showed the highest similarity (97.4 %) to that of Haloparvum sedimenti DYS4 T . The DNA G+C content of MK62-1 T was 70.1 mol%, while that of Haloparvum sedimenti JCM 30891 T was 69.5 mol% by the HPLC method. The levels of DNA-DNA relatedness between MK62-1 T and Haloparvum sedimenti JCM 30891 T were 60.6 and 60.8 % (reciprocally). The major polar lipids of the isolate were C 20 C 20 archaeol derivatives of phosphatidylglycerol, phosphatidylglycerol phosphate methyl ester and phosphatidylglycerol sulfate. Based on the phenotypic and phylogenetic analyses, it is proposed that the isolate represents species within the genus Haloparvum, for which the name Haloparvum alkalitolerans sp. nov. is proposed. The type strain is MK62-1 T (=JCM 30442 T =KCTC 4214 T ).
The genus Haloparvum was proposed quite recently by Chen et al. (2016) to accommodate strains DYS4
T and Y2 isolated from rock salt in China as Haloparvum sedimenti. They were light-red-pigmented, pleomorphic-rod-shaped extremely halophilic archaea requiring at least 2.6 M NaCl for growth. Since 2010, we isolated numerous haloarchaeal strains from commercially available food-grade salt samples of world-wide origin using a variety of original media and have proposed some new genera: Halarchaeum (Minegishi et al., 2010a) , Natronoarchaeum (Shimane et al., 2010) , Salarchaeum (Shimane et al., 2011) , Halomicroarcula (Echigo et al., 2013) and Halocalculus . The diversity of haloarchaea in food-grade salt was demonstrated by Henriet et al. (2014) . Recently, we isolated an alkaliphilic haloarchaeon, Halorubrum gandharaense MK13-1 ) and lowering the pH (11.5-12.0 to 9.0-9.5). During our survey on halophilic archaeal diversity of commercial salt samples using this medium, we isolated a strain whose orthologous 16S rRNA gene sequence was closely related to those of Haloparvum sedimenti. In the present study, we report the phenotypic and phylogenetic characterization of strain MK62-1 T and propose a novel species in the genus Haloparvum.
Salt samples (1.0 g each) commercially available in Japan, 368 in total, were dissolved in 4.0 ml sterile 5 % (w/v) NaCl solution, and 16 samples (10 µl each) were spotted at regular intervals on an agar plate of MH4.2 medium. The medium was prepared as follows: NaCl (200.0 g), sodium pyruvate (1.0 g), trisodium citrate dihydrate (1.0 g), yeast extract (Difco) (2.0 g), tryptone (Difco) (2.0 g), K 2 HPO 4 (0.6 g), NH 4 Cl (0.6 g), MgSO 4 (0.5 g), K 2 SO 4 (5.0 g), FeCl 2 .4H 2 O (36.0 mg) and MnCl 2 .4H 2 O (0.36 mg) were dissolved in approximately 800 ml distilled water. The pH of the medium was adjusted to 7.5 with 20 % KOH, filled to 900 ml, 20.0 g agar added, and autoclaved for 20 min at 121 C. One hundred millilitres of 10 % (w/v) Na 2 CO 3 solution was autoclaved separately. After cooling to approximately 60 C, the two solutions were mixed aseptically and poured into Petri dishes. The final pH was 9.0-9.5 (measured with a pH meter) just after mixing. After incubation at 37 C for 2-4 weeks, growth was detected on 15 samples. The cells were transferred to fresh agar plates, and pure cultures were obtained by repeated transfers on the agar plates.
Total DNA was extracted by the method of Cline et al. (1989) , and the orthologous 16S rRNA gene was amplified using pyrD2 and 23S Rev2 primers (Minegishi et al., 2012) . Sequences were determined as described previously (Minegishi et al., 2012) , and relevant sequences retrieved from the DNA Data Bank of Japan were aligned using CLUSTALX 2.1 (Larkin et al., 2007) . The phylogenetic tree was reconstructed by the neighbour-joining (NJ) method (Saitou & Nei, 1987) and was evaluated by bootstrap sampling, expressed as percentages of 1000 replicates (Felsenstein, 1985) . Maximum-likelihood analysis and support values were performed with raxmlGUI ver 1.31 (Silvestro & Michalak, 2012; Stamakakis et al., 2005) . The phylogenetic trees were reconstructed with MEGA7 (Kumar et al., 2016) using the maximum-parsimony (Fitch, 1971) algorithms with 1000 randomly selected bootstrap replicates. The orthologous 16S rRNA gene sequence of strain MK62-1 T (1472 bp) was most closely related to Haloparvum sedimenti JCM 30891 T (LC163946, 1472 bp) with 99.2 % similarity. The phylogenetic position was also confirmed in trees generated using NJ (Fig. 1a) , maximum-likelihood (Fig. S1 , available in the online Supplementary Material) and maximum-parsimony (Fig. S2) algorithms. The results suggested that this strain represent a novel species within the genus Haloparvum (Chen et al., 2016) .
The determination of DNA-dependent RNA polymerase B¢ gene sequence (rpoB¢) and its analysis were performed according to Minegishi et al. (2010b) . The rpoB¢ gene sequences of strain MK62-1 T (1830 bp) was most closely related to that of Haloparvum sedimenti DYS4 T (KP276580) with 97.4 % similarity. In phylogenetic analysis using NJ and maximum-likelihood algorithms (Figs 1b and S3), MK62-1 T clustered tightly with Haloparvum sedimenti DYS4 T . These results suggested that strain MK62-1 T represent a novel species in the genus Haloparvum.
The G+C contents of the total DNA of strain MK62-1 T and Haloparvum sedimenti JCM 30891
T determined in this study by the HPLC method of Tamaoka & Komagata (1984) were 70.1 and 69.5 mol%, respectively. Chen et al. (2016) determined the G+C content of Haloparvum sedimenti DYS4 T as 68.2 mol% (T m method).
DNA-DNA hybridization was assessed by using the fluorometric method of Ezaki et al. (1989) . The DNA-DNA hybridization values were 60.6 and 60.8 % (reciprocally) between MK62-1 T and Haloparvum sedimenti JCM 30891
T . These values were well below the threshold value of 70 % DNA-DNA relatedness generally accepted for the definition of a novel species (Wayne et al., 1987; Stackebrandt et al., 1994) .
Phenotypic tests were performed according to Minegishi et al. (2010a) , Kondo et al. (2015) and Oren et al. (1997) . The analyses were conducted using liquid or solidified MH4.2 medium after incubation for 2-3 weeks at 42 C. Gram staining was performed according to Dussault & Dussault (1955) . Cell morphology and motility were examined using phase-contrast microscopy (OLYMPUS, BX53F). Cells of strain MK62-1 T were non-motile and pleomorphic rods, approximately 0.3-0.6Â0.5-1.2 µm when grown in MH4.2 medium, and stained Gram-negative. Colonies of the strain MK62-1 T were small (approximately 0.5-2.0 mm in diameter), circular, smooth and pigmented red. Strain MK62-1 T was able to grow at 2.1-4.7 M NaCl (with optimum at 2.1-2.6 M NaCl), pH 6.5-9.5 (optimum, pH 7.0-7.5) and 20-55 C (optimum, 45-50 C) , and required at least 1 mM Mg 2+ for growth. Cells lysed in distilled water. The phenotypic characteristics of strain MK62-1 T that differed from those of Haloparvum sedimenti DYS4 T and Y2 are summarized in Table 1 . Haloarchaeal strains display a wide variety of physiological characteristics including range of pH for growth. Most haloarchaeal strains occur at neutral pH as optimal, while some strains occur at slightly alkaline pH or only at alkaline pH. Alkali-tolerant organisms are capable of growth or survival at values more than 9.0 but whose optimal rate of growth is around neutrality or less (Horikoshi, 1999) . Therefore, strain MK62-1 T that was able to grow at pH 6.5-9.5 with optimum pH 7.0-7.5 is alkali-tolerant haloarchaeon.
Tests for catalase and oxidase activities and for the hydrolysis of starch, gelatin, Tween 80 and skimmed milk were performed as described by Gonzalez et al. (1978) . Reduction of nitrate was detected by using the sulfanilic acid and a-naphthylamine reagent (Smibert & Krieg, 1994) . H 2 S formation was determined by the black sulfide precipitate in the medium containing 0.5 % (w/v) sodium thiosulfate. Indole production from tryptophan and the utilization of sugars and organic acids were assessed as described by Oren et al. (1997) . Strain did not hydrolyse gelatin, skimmed milk and Tween 80, but starch was hydrolysed.
This strain was catalase positive and oxidase negative and did not produce indole from tryptophan and H 2 S from thiosulfate. 
Halopenitus salinus SKJ47 T (JQ937363)
Halopenitus malekzadehii CC65 T (KC018183)
Halopenitus persicus DC30 T (JF979130)
Haloparvum sedimenti DYS4 T (LC163946)
Halonotius pteroides JCM 14355 T (AB663393)
Halohasta litorea R30 T (AB935409)
Haloplanus natans JCM 14081 T (AB663396)
Halogranum rubrum CGMCC 1.7738 T (AB663388)
Haloferax volcanii JCM 8879 T (AB663383)
Halobacterium salinarum JCM 8978 T (AB663362)
Natrialba asiatica JCM 9576 T (AB663455)

Methanospirillum hungatei JF-1 T (M60880)
Halorubrum luteum CECT 7303 T (AB820300)
Halorubrum sodomense JCM 8880 T (AB477185)
Halorubrum saccharovorum JCM 8865 T (AB477184)
Halorubrum vacuolatum JCM 9060 T (AB477190)
Halorubrum gandharaense MK13-1 T (AB820320)
Halopenitus salinus SKJ47 T (KJ888150)
Halopenitus persicus DC30 T (KJ874427)
Halopenitus malekzadehii CC65 T (KJ874426)
Haloparvum sedimenti DYS4 T (KP276580)
Halonotius pteroides JCM 14355 T (FR728669)
Halohasta litorea R30 T (JX099500)
Haloplanus natans JCM 14081 T (AB477174)
Haloferax volcanii JCM 8879 T (AB477170)
Halogranum rubrum CGMCC 1. Utilization of carbon sources for growth was determined in MH4.2 liquid medium that contained 0.1 % tryptone (Difco) and 0.5 % single carbon sources. Yeast extract (Difco), sodium pyruvate and trisodium citrate dihydrate were omitted. Sensitivity to antimicrobial agents was determined by using BD SensiDiscs (Becton Dickinson): ampicillin (10 µg disc ). The strain was sensitive to bacitracin, linezolid, novobiocin, polymyxin B and rifampicin. The strain was resistant to ampicillin, aztreonam, carbenicillin, cefoxitin, cephalothin, chloramphenicol, clindamycin, erythromycin, gentamicin, kanamycin, meropenem, nalidixic acid, neomycin, piperacillin tazobactam, penicillin G, streptomycin, sulfisoxazole, tetracycline and vancomycin.
Polar lipids were extracted with chloroform/methanol and developed on HPTLC silica gel 60 plate (20Â10 cm; Merck) in the solvent system chloroform/methanol/acetic acid/ water (85 : 22.5 : 10 : 4, by vol.) as described previously (Kamekura, 1993) . The major polar lipids were archaeol derivatives of phosphatidylglycerol, phosphatidylglycerol phosphate methyl ester, derived from C 20 C 20 and phosphatidylglycerol sulfate. Strain MK62-1 T also contained at least three glycolipids that have yet to be identified. (Fig. S4) . The polar lipids of strain MK62-1 T were identical to those of members of Haloparvum sedimenti.
The above phenotypic and phylogenetic characteristics indicated that strain MK62-1 T represents a novel species in the genus Haloparvum, for which the name Haloparvum alkalitolerans sp. nov. is proposed.
Description of Haloparvum alkalitolerans sp. nov.
Haloparvum alkalitolerans [al.ka.li.to¢le.rans . N.L. n. alkali (from Arabic article al the; Arabic n. qaliy ashes of saltwort) alkali; L. pres. part. Tolerans tolerating; N.L. part. adj. alkalitolerans alkali tolerating, referring to the ability of the organism to tolerate alkaline media].
Cells are Gram-stain-negative, non-motile and pleomorphic rods, approximately 0.3-0.6Â0.5-1.2 µm, under optimal growth conditions. Cells lyse in distilled water. On agar plates, under optimal conditions, red micro-colonies are formed (less than 2.0 mm in diameter). Able to grow from 2.1 to 4.7 M NaCl, with optimum at 2.1-2.6 M NaCl, from pH 6.5 to 9.5, with optimum at pH 7.0-7.5 and from 20 to 55 C, with optimum at [45] [46] [47] [48] [49] [50] C. Require at least 1 mM Mg 2+ for growth. Catalase positive. Oxidase negative. H 2 S is not produced from thiosulfate. Indole formation is negative. Reduce nitrate under aerobic conditions. Anaerobic growth with nitrate, arginine and DMSO is not observed. Hydrolyse starch. Do not hydrolyse gelatin, skimmed milk and Tween 80. Capable of using cellobiose, D-fructose, D-glucose, glycerol, maltose, D-mannose, sucrose, trehalose, sodium acetate, sodium DL-lactate, sodium pyruvate, sodium succinate, L-alanine, Larginine chloride and sodium L-glutamate as single carbon substrate. L-Arabinose, D-galactose, lactose, D-mannitol, raffinose, a-L-rhamnose, ribitol, ribose, D-sorbitol, L-sorbose, D-xylose, sodium citrate, sodium fumarate, sodium a-ketoglutarate, sodium L-malate, sodium propionate, sodium Laspartate, glycine and L-lysine chloride are not utilized as carbon sources. The major polar lipids are archaeol derivatives of phosphatidylglycerol and phosphatidylglycerol phosphate methyl ester, derived from C 20 C 20 archaeol and phosphatidylglycerol sulfate. Strain MK62-1 T also contained at least three glycolipids that have yet to be identified.
The type strain is MK62-1 T (=JCM 30442 T =KCTC 4214 T ) isolated from commercial salt made from seawater in Philippines and sold in Japan. The G+C content of the type strain is 70.1 mol%.
